Chitosan (Ch) and some of its derivatives have been proposed as good biomaterials for tissue engineering, to construct scaffolds promoting tissue regeneration. In this work we made composite films from Ch and mixtures of Ch with gelatin (G) and poly-L-lysine (PLL), and evaluated the growth on these films of PC12 and C6 lines as well as neurons and glial cells derived from cerebral tissue and dorsal root ganglia (DRG). C6 glioma cells proliferated on Ch, G, and Ch þ G films, although metabolic activity was decreased by the presence of the G in the mixtures. NGF-differentiated PC12 cells, adhered preferentially on Ch and films containing PLL. Unlike NGF-treated PC12 cells, cortical and hippocampal neurons showed good adhesion to Ch and Ch þ G films, where they extended neurites. Astrocytes adhered on Ch, Ch þ G, and Ch þ PLL mixtures, although viability decreased during the culture time. Olfactory ensheathing cells (OEC) adhered and proliferated to confluency on the wells covered with Ch þ G films. Neurites from DRGs exhibited high extension on these films. These results demonstrate that Ch þ G films have excellent adhesive properties for both neurons and regeneration-promoting glia (OEC). These films also promoted neurite extension from DRG, making them good candidates for tissue engineering of nerve repair.
INTRODUCTION
T he field of tissue engineering seeks to investigate biomaterials for treatment of neural injuries. Specifically, nervous system traumas, such as mechanical spinal cord injuries or peripheral nerve avulsions, are particularly amenable to repair with biomaterial implants. The study of the biological properties of the biomaterials is necessary prior to its use in nerve injury repair both -to adequate the material to the damaged tissue and to anticipate tissue response to implanted biomaterials.
Chitosan, one of the most promising biomaterials to repair nerve damage, is biocompatible and biodegradable, does not show immune rejection [1, 2] , presents good mechanical properties [3] and, additionally, has hemostatic, healing, antibacterial, and antifungal properties [4, 5] . Chitosan is a natural polycationic linear copolymer of b(1-4)-Dglucosamine, obtained by alkaline deacetylation of chitin. The deacetylation process leaves many chemically reactive free amino groups [6] , allowing interaction with multiple anionic compounds. Many workers have modified the chitosan's properties (e.g., deacetylation degree) to alter its biocompatibility and degradation rate [7, 8] . In other cases, modifications of the chitosan molecule has been achieved by crosslinking its fibers [9] or by binding to other compounds, such as heparin, alginic acid, gelatin, or other negatively charged molecules [10] [11] [12] [13] [14] .
During the last decade combinations of chitosan with various copolymers have been tested, both in vitro and in vivo, to repair damaged nerves. The biopolymer alone or combined with alginate, shows good adhesive and neurite-promoting properties when it is used for nerve conduit [15] . Besides, chitosan coupled with laminin peptides has been tested successfully in nerve regeneration [16] . Chitosan, covalently linked to agarose promotes neurite extension in vitro from DRGs [17] and has also been modified by simple mixing to form different polyelectrolyte complexes. Chitosan blended with various ratios of collagen, gelatin, and PLL showed increased wettability (the ability of a liquid to maintain contact with a solid surface, resulting from the intermolecular interactions arising when the two are brought together) and cell affinity. The biological properties of the mixtures were influenced by the proportion of the added compounds, that modified their adhesive and neurite-promoting properties for both PC12 and cerebral cortex cells [18] [19] [20] [21] . Accordingly, we investigated how the proportion of gelatin and PLL in chitosan films at ratios of 0.6 and 0.03, reported as optimal for nerve regeneration [19, 21] , influence C6 glioma cell proliferation, and NGF-treated pheochromocytoma PC12 cell viability used as postmitotic neuronal model. However, results from tumor-derived cell lines may not be truly representative of the in vivo situation and hence it is vital to study primaries before proceeding to animal studies. Thus, we studied for the first time the influence on growth and viability of these substrates on central nervous system cells, such as cortical and hippocampal neurons, cortical astrocytes, and the widely studied olfactory ensheathing cells, glial cells with phenotypic similarities to Schwann cells that strongly promote nerve regeneration [22, 23] . Finally, the optimal neurite extension promoting properties of the films were evaluated by measuring dorsal root ganglion neurite elongation. This would be an indicator of the suitability of the biomaterials as bridges implanted in nerve injuries.
MATERIAL AND METHODS

Film Preparation
Chitosan solution (1% w/v) was prepared by dissolving one gram of crab shell chitosan deacetylated more than 85% (Sigma Chem. Co., St. Louis MO, USA) in acetic acid solution (100 mL, 0.2 M) and filtered to remove debris and undissolved particles. Gelatin (type B from bovine skin, Sigma Chem. Co.; 10 wt%) and poly-L-lysine (PLL, MW ¼ 70,000-150,000; Sigma Chem. Co.; 2 mg/mL) solutions were prepared by dissolving the polymers in distilled water. These solutions were blended with chitosan by adding to the chitosan solution and stirring the mixtures for 2 h, at 508C. The mixing ratio (proportion of gelatin or PLL in the mixture) was 0.6% for gelatin and 0.03% for PLL, calculated as described [19, 21] . The mixtures were poured into wells of culture plates (24 and 96 multiwell plates, Nunc) and dried at 508C for 24 h to form thin films. Gelling was induced by adding a 1% NaOH solution for 4 h, followed by intense washing with distilled water until this water was neutral (pH 7). The pH was assessed using pH-indicators sticks (Sigma Chem. Co). A pure chitosan film control was cast into some wells by using 1% initial solution; a pure gelatin film was prepared by dissolving gelatin into distilled water until the gelatin concentration was the same as the mixtures and then dried. Wells treated with PLL solution (10 mg/mL) were used as positive controls.
All culture plate wells (24 and 96 biomaterial multiwell plates) were sterilized by treating with an antibiotic solution, consisting of Penicillin/Streptomicin (P/S) solution (Sigma Chem. Co.), 40 mg/mL gentamicin (Schering-Ploug, Madrid, SP) and 2.5 mg/mL amphotericine B (Gibco-Invitrogen, Paisley, UK) in phosphate buffered saline (PBS), 24 h previous to cell seeding.
Cell Cultures
Cell Lines
C6 cells were cultured in DMEM without phenol red, supplemented with 10% fetal bovine serum (FBS; Gibco-Invitrogen) and P/S, while PC12 cells were cultured in RPMI1640 without phenol red (Sigma Chem. Co.), supplemented with 10% horse serum (HS; Gibco-Invitrogen), 5% FBS and P/S and maintained at 378C in an atmosphere of 5% CO 2 until confluency. C6 cells were passaged using 0.25% trypsin-EDTA (Sigma Chem. Co.) and PC12 cells using Hank's balanced salt solution without Ca 2þ and Mg 2þ (HBSS; Sigma Chem. Co), supplemented with 0.02% EDTA (Merck, Darmstadt, DE), every other day. Cell density was adjusted to 1 Â 10 5 cells/mL and 50 ng/mL of nerve growth factor (NGF-b; Sigma Chem. Co.) was added to PC12 cultures, adding 100 mLof cell suspension to each well (96 biomaterial multiwell plates), maintained at 378C and 5% CO 2 .
Primary Cell Culture
Neural cells were cultured from Wistar rats bred at the Cajal Institute (Madrid, Spain) and maintained on food and water ad libitum. All procedures used in this study for the handling and killing of animals were performed in compliance with the guidelines for animal care of the European Union (86/609/CEE) and all of them were approved by the animal care committee of the Cajal Institute.
Embryonic cortical and hippocampal neurons were obtained from cerebral cortices and hippocampi of E17 rat embryos. After removal of meninges, the tissue was cut into small pieces. Mechanical dissociation of tissue was carried out by addition of HBSS supplemented with 0.02% EDTA, followed by repeated passage through Pasteur pipettes (378C during 30 min). The cell suspension was centrifuged at 200 g and the pellet were resuspended in Neurobasal medium (NB; Gibco-Invitrogen, Paisley, UK) supplemented with B27 (Gibco-Invitrogen), GlutaMAX (Gibco-Invitrogen) and P/S, and the cells were counted. The cell density was adjusted to 4 Â 10 5 cells/mL and 100 mL of cell suspension were added to each well (96 biomaterial multiwell plates).
Astrocytes were cultured from P0 neonatal rat cerebral cortices. After removal of the meninges, the tissue was suspended in HBSS supplemented with 0.02% EDTA and mechanically dissociated by successive passages through Pasteur pipettes. The cell suspension was centrifuged and the pellet cultured in DMEM/F12 (Gibco-Invitrogen) supplemented with 10% FBS and P/S in flasks pretreated with PLL (10 mg/mL), at 378C and 5% CO 2 until confluence. Type II astrocytes and microglia were removed by shaking the flasks at 280 rpm, overnight, at 378C, followed by washing and trypsinization with 0.25% trypsin-EDTA. Dissociated cells were counted and the cell density was adjusted to 1 Â 10 5 cells/mL of culture medium, followed by culture of 100 mL cell suspension in each well (96 biomaterial multiwell plates).
Olfactory ensheathing cells (OEC) were obtained from adult rat (8-10 weeks) olfactory bulbs and prepared as described previously [24] . Briefly, the two outer layers of the olfactory bulb (the nerve and glomerular layers) were dissected and the tissue was dissociated by incubation with 0.25% trypsin (Sigma Chem. Co.) and 10 mg/mL DNAse (Roche, Mannheim, Germany) at 378C and successive passages through Pasteur pipettes. Dissociated cells were cultured in DMEM and DMEM/F12 (1 : 1), supplemented with 10% FBS and P/S over flasks pretreated with PLL, until confluency. OECs were then immunopurified using monoclonal anti-p75 antibody (Chemicon, Temecula CA). For this, cells were washed with HBSS and detached using a cell scraper, following which they were incubated with monoclonal anti-p75 for 30 min at room temperature in HBSS. The cells were washed and resuspended in PBS supplemented with 0.5% bovine serum albumin (BSA; Sigma Chem. Co.) and 2 mM EDTA and incubated with goat anti-mouse IgG coupled to magnetic beads (Miltenyi Biotech, Germany) for 15 min. at 48C. The cell suspension was washed and added to a magnetic separation column, washed with PBS supplemented with 0.5% BSA and 2 mM EDTA to remove unattached cells and then p75 positive cells were recovered after column was detached from the magnet. This secondary culture was allowed to recover for 3 days before use. Cells were detached with 0.25% trypsin-EDTA solution and counted, adjusting cell density to 1 Â 10 5 cells/mL in DMEM-DMEM/F12 supplemented with 10% FBS and P/S. The cell suspension (100 mL) was seeded in each well of 96 biomaterial multiwell plates.
All culture plates were maintained at 378C and 5% CO 2 atmosphere until measuring their viability and proliferation, using the MTT assay (see below).
MTT Proliferation Assay
Viability and proliferation of C6, PC12, cortical and hippocampal neurons, astrocytes and OECs was determined using the MTT assay after 1 and 4 days in culture. At the chosen culture times, some wells were photographed with a Leica DMI6000 microscope, coupled to a Leica DFD350 FX digital camera to study cell morphology using the NIH ImageJ software (detailed information about the parameters studied can be found on the program website). Then, the culture medium was removed and 100 mL of 1.2 mM MTT [3-(4,5-dimethylthiazol-2-yl)-2.5-diphenyltetrazolium bromide] (Sigma Chem. Co.) solution was added to each well. After 4 h incubation at 378C, 100 mL of 10% SDS (sodium dodecyl sulfate) solution in 10 mM HCl was added to each well during 18 h, to dissolve the formazan crystals. The optical density at 595 nm of the soluble solution was measured using a Multiskan Ascent microplate reader.
Neurite Outgrowth from Dorsal Root Ganglion Explants
Substrate effect on neurite outgrowth was evaluated on dorsal root ganglia (DRG) cultured over chitosan composite films. DRGs were dissected from E15 rat embryos. Each embryo was immobilized on its back over a silicone pad and cervical to caudal ganglia were dissected and collected in HBSS at 48C. Individual DRGs were cultured in the wells of 24 multiwell plates, in NB medium supplemented with B27, GlutaMAX and P/S, and the area of the neuritic halo around each ganglion was measured 24 h later. At that time, all ganglia and their neuritic halos were photographed with a Leica DMI6000 microscope, coupled to a Leica DFD350 FX digital camera. The area covered by the neuritic halo surrounding each ganglion was measured with the help of the NIH ImageJ software. The area of neurite extension was defined as the difference between the whole area of the neurite halo and that occupied by the ganglion.
Statistical Analysis
One way ANOVA followed by post hoc Tukey test, was used to assess statistical significance between MTT values for the various combinations of cells and films, and for the area of neuritic halo around DRG explants.
RESULTS
Viability of Neural Cells on Chitosan-based Films
The growth behavior of C6 glioma cells and NGF-differentiated PC12 cells was studied using the MTT assay. Cells were cultured over chitosan (Ch), gelatin (G), poly-L-lysine (PLL), and films mixtures of Ch with one (G or PLL) or both compounds, and their metabolic activity was studied for 1 and 4 days. After 1 day in culture, C6 cells showed their metabolic activity on surfaces of Ch and its mixtures with G or PLL similarly to PLL (positive control), and showing low metabolism with poor adhesion on G and the mixture of all three components (Figure 1(a) ). However, 4 days later, C6 cells proliferated and showed significantly increased metabolic activity ( p50.001) on all films, except in mixtures containing PLL. PLL appeared as a good proadhesive molecule when acting alone, but lost much of its adhesive properties when mixed with chitosan. G films and their mixtures also reduced MTT absorbance (Figure 1(a) ).
PC12 cells preferentially adhered to PLL, Ch, and films containing PLL, whereas the presence of G led to poor PC12 cell adhesion (Figure 1(b) ). An increase in MTT value corresponded to an increase in metabolic activity induced by NGF, rather than to PC12 cell division since NGF cause the differentiation of the PC12 cells to a postmytotic neuronal phenotype [25] . The metabolism of PC12 cells significantly increased after 4 days of culture on PLL, Ch, and Ch þ G þ PLL films, but decreased in Ch þ PLL, indicating that the presence of G in the films was required to induce an increase in PC12 metabolic activity. This contrasts with the results from the Ch þ G films, where MTT values did not increase significantly from 1 to 4 days in culture, indicating that G requires the presence of PLL to improve cell viability.
After 4 days in culture, C6 cells grew to complete confluency on wells coated with PLL, Ch, and Ch þ G (Figure 2 (a), (b), and (d)), growing similarly on PLL and Ch. On G and Ch þ G cell confluency was less than in the other films and clustering on G films. Morphological analysis showed that in these two types of films, cells showed more enlarged cytoplasm lost the round shape observed on PLL and Ch ( Table 1 , low circle and solidity values). Some C6 cells grew on Ch þ PLL, which exhibited large cellular processes after 4 days in culture, while very few living cells were observed on Ch þ G þ PLL ( Supplementary Figure 1(A)  and (B) ). Moreover, PC12 cells acquired ovoid morphology in control surfaces (Figure 2(e) ), on which cells had fine and small cell processes which made star-like cells ( Table 1 , circle: 0.3; solidity: 0.58). When cultured over blends of Ch with G or both, G and PLL (Figure 2 (g) and (h)), cells emitted short neurites and were less round ( Table 1 , higher values to circle and solidity). On the contrary, on pure Ch films cells grouped forming spheroidal clusters being rounded morphologies (Figure 2(f) ). The shapes of PC12 cells on Ch þ PLL was similar that observed on Ch þ G þ PLL while these cells were clustered and show appearance of dead cells on G ( Supplementary Figure 1(C) and (D) ).
These data show that C6 preferably adhered and proliferated on Ch, G, and Ch þ G films, although the presence of G affected cell proliferation, which resulted in a more spread morphology and decreased MTT values. On the other hand, PC12 cells adhered and grew on Ch films similarly to positive controls (PLL). On the contrary, mixtures caused a marked decrease in MTT value, and only the mixture of the three compounds -Ch, G, and PLL -increased viability, though not up to levels similar to those induced by Ch or PLL alone.
Viability of Neural Cells in Primary Culture
The viability of neural cells in primary culture was tested using three types of nervous system cells: neurons from neonatal neocortex and hippocampus, astrocytes from neonatal neocortex, and olfactory ensheathing cells (OEC) from olfactory bulbs, a type of adult regeneration-promoting glia. Cortical and hippocampal neurons showed similar growth behavior on all films, with MTT values that did not differ significantly between 1 and 4 days in culture, except for an increase on PLL (controls) by cortical neurons and a decrease on Ch þ G films carried out by both type of neurons (Figure 3 than that observed on Ch. G, Ch þ PLL, and Ch þ G þ PLL were not adhesive for either type of neuron. These results suggest that the presence of G exerted an inhibitory effect on both types of neurons.
Behavior of cortical and hippocampal neurons was compared to a neuron model, NGF-treated PC12 cells. For both type of neurons and PC12 cell model, pure Ch films induced higher cell viability, similar to positive controls (Figure 1(b) to compare PC12 data). However, the behavior on Ch þ G films was somewhat different, since PC12 cells did not adhere on these films, whereas neurons showed a transient process of high affinity after 1 day in culture to decline after 4 days. This effect was reversed when PLL was present in the mixtures. These data pointed to a higher sensitivity of PC12 cells to PLL containing films than that observed in both type of neurons. Viability of astrocytes after 1 day in culture was high on PLL and Ch films but was decreased on Ch þ G and Ch þ PLL films (Figure 3(c) ). Four days later an increase in metabolic activity corresponding to cell proliferation was detected on PLL surfaces only. Astrocytes growing on the remaining films, showed no increase in MTT values, with a decreased metabolic activity ( p50.001) on Ch, Ch þ G, and Ch þ PLL films. Low or no metabolic activity was observed on G and Ch þ G þ PLL, surfaces that seemed to be cytotoxic.
Lastly studied cells were OEC, which shared features with nonmyelin Schwann cells and astrocytes. OECs were viable after 1 day in culture and it occurred similarly to all growth surfaces, except to G and Ch þ G þ PLL, which showed poor adhesion (Figure 3(d) ). After 4 days in culture, OECs proliferated highly on Ch þ G films, similar to control surfaces (PLL), with significant metabolic activity increases ( p50.001). This cell type showed optimal growth on Ch þ G films, whereas a Ch þ PLL surface was cytotoxic. Growth on Ch þ G þ PLL was poor showing low viability rates.
The morphological analysis showed that both types of neurons showed optimal viability on Ch films where emitted neurites, that extended forming neural networks on both after 4 days in culture (Figure 4(b) and (e)), similarly to PLL surfaces (Figure 4(a) and (d) ). On Ch þ G films was observed lower cell density and did not look permissive as there were a large number of rounded cells. The G and films containing PLL were cytotoxic for cortical and hippocampal neurons, so that adhered cells were not observed ( Supplementary Figure 2 (a)-(f) ). Moreover, astrocytes occupied completely the bottom of the wells on PLL after 4 days, where they exhibited a fusiform morphology with enlarge cytoplasm, as shown by the lower and medium values of circle and solidity respectively (Figure 4(g) and Table 2 ). A fusiform morphology was share by astrocytes growing on Ch (Figure 4(h) ) and Ch þ G (Figure 4(i) ) films. OEC reached confluency on PLL and Ch þ G films (Figure 4(j) and (l)), where they exhibited spindly morphologies (see the lower values of circle and solidity in Table 2 ), with emitted two or three elongated cytoplasmatic processes resulting in a increase in cell area ( more rounded appearance and few processes (Figure 4(k) ). On the remaining films both types of glial cells were poorly adhered after 4 days and many of them appeared to be dead, with accumulations of pignotic nuclei ( Supplementary Figure 2(g)-(l) ).
Taken together, these data suggest that the proadhesive effect of PLL was blocked in Ch mixtures, as observed in MTT data (Figure 3 ), while the presence of G led to the emergence of new proadhesive properties improving the separate adhesive properties of Ch and G. This makes the Ch þ G composite an excellent biomaterial for promoting adhesion and neurite extension of central neurvous system neurons and growth and viability of OECs. 
Neurite Extension from Dorsal Root Ganglia
The area of neurite extension was measured in dorsal root ganglia (DRG) after 24 h culture on various films. Extension of neurites was observed only over PLL, Ch, and Ch þ G films, while DRG did not attach to the remaining films. Neurite extension was highest over films of PLL and Ch þ G, and was significantly lower over Ch ( p50.05), indicating that Ch þ G films promoted neurite elongation similar to controls thanks to the presence of G together with Ch ( Figure 5 ). Figure 6 shows representative images of neurite extension on PLL, Ch, and Ch þ G films, showing higher neurite occupation area in PLL and Ch þ G films. These results indicate Ch þ G is superior in promoting neurite extension of DRGs as compared to other composite films and a potential candidate for use in nerve repair.
DISCUSSION
Many researchers have suggested that the chitosan and mixtures with proadhesive compounds such as gelatin and PLL may be promising biomaterials for use in nerve regeneration [20, 21, [26] [27] [28] [29] . However, most in vitro work has been performed using cell line models such as PC12 cells, whereas there is little information on neural cell behavior derived from culture of cerebral tissue. Therefore, in this work we intended to investigate the behavior of neural cells from nerve tissue, including cortical and hippocampal neurons, astrocytes, and olfactory ensheathing cells (OEC). Cells were grown on Ch and mixtures of Ch with G and PLL at 0.6 and 0.03 mixing ratios, respectively, considered optimal for use in nerve regeneration [19, 21] . Additionally, we compared the behavior of NGF-differentiated PC12 cells, used as neuronal model, with neurons cultured from cerebral tissue.
PLL is a proadhesive polymer that has been widely used to promote cell attachment to substrate and neurite outgrowth [30] . Mechanisms by which PLL promotes cell adhesion are associated with its polycationic structure, resulting of the presence of free amino groups on its side chains promoting cell adhesion [31] . Additionally, the higher pKa of the PLL [32] allows it to bind with other polycations with lower pKa, such as chitosan [33] , resulting in increased polymer surface tension and making its surface more hydrophilic. This improves the cellular affinity for these biomaterials as demonstrate with Ch and PLL blends [20, 21] . Accordingly, the results obtained in the MTT analysis on PLL control surfaces, showed that this molecule increased the viability of all central nervous system cells after 4 days excepting to hippocampal neurons, and also promoted the area of neurite extension from DRG. Thus, it is expected that Ch films were less adhesive than PLL, due to its lower surface tension and hydrophilicity. However, compared with pure Ch films, PLL exhibited similar cell affinity to C6 and PC12 cells, and both type of neurons, suggesting that both molecules had similar affinities. Present neuron data shows similar growth on PLL and Ch films, in agreement with previous analysis with hippocampal neurons [34] . On the contrary, glial cells showed higher growth on PLL, as was expected since PLL is more proadhesive than pure Ch. Considering that Ch films are more hydrophobic than PLL, these results suggest that hydrophilicity affect only in some cases the cell affinity, contrary to works showing that hydrophilic surfaces are more adhesive than hydrophobic ones [35] [36] [37] . Surprisingly, unlike works cited above which showed an increase of the Ch-promoting capabilities when mixed with PLL, in this work we show that on Ch þ PLL mixture inhibited the growth and proliferation rates of all cell types studied and also inhibited neurite outgrowth from DRG. Given the published data, we propose that the differences observed may be due either to differently affinity characteristics of the used cell types, or to the emergence of new affinity properties of these materials.
Gelatin was an anionic molecule used to modify chitosan. Gelatin interacts strongly with Ch forming polyelectrolyte complexes that enhance the mechanical properties of the pure Ch [12] and makes the surface more hydrophilic [19] . This fact makes the Ch and G blends more adhesives promoting optimal differentiation of PC12 cells at a 0.6 mixing ratio [19] . Here, we show that G alone did not favor growth of all cell types, improving its mixture with Ch the rate of C6 cells and OEC adhesiveness and proliferation. This mixture also promoted neurite elongation from DRG. An exception was observed with PC12 cells, which only improved their viability over the mixture of the three compounds (Ch þ G þ PLL) while the mixture with G, previously described as forming adhesive and neuritogenic films for PC12 cells [19] was very restrictive. We related these differences by the type of gelatin used. The gelatin used in our study was obtained with the alkaline treatment (according to the product data sheet), that turned it into a molecule with low isoelectric point and strong negative charge [38] , that probably was capable of a stronger electrostatic interaction with Ch. Moreover, as discussed above, this interaction proved to be beneficial for neurons, OEC and neurite extension from DRG, indicating the existence additional factors such as the different requirements for adhesion and growth of different cells.
Given that OECs regeneration-promoting glia tested successfully in spinal cord injury models [22, [39] [40] [41] , the fact that they proliferated to confluency on Ch þ G surfaces, and the ability to promote neuritogenesis from DRGs, makes this mixture preferred for use in nerve repair. Although the behavior observed for both type of neurons and astrocytes might seem to contradict with the benefits of this biomaterial, we believe that the decreases in MTT values, register for these types of cells between 1 and 4 days in culture, represents a transient effect, which will require further investigation.
Besides these neural cells, we studied C6 glioma cells as model of glial cell tumors. Unlike other cell types, C6 cells proliferated on Ch, G, and Ch þ G films, Ch films being similar to PLL surfaces, probably due to specific adhesive characteristics of C6 cells. In this respect, PLL containing films prevented proliferation of C6 cells. The strong proadhesive effect observed on Ch was lower in the three types of mixtures, probably because the G and PLL blocked proadhesive sites of Ch specifically detected by C6 cells.
The behavior of PC12 cells, differentiated to neuron-like morphology by NGF treatment, was different from that observed with central nervous system neurons and DRGs. This indicates that we must be careful when interpreting results derived from models with properties different from tissue-derived cells.
